Vibration test of passenger and seat 2.1 Outline of the vibration test
It is necessary for building a passenger model to clarify the vibration properties of the passenger and the seat. We performed a vibration test of the seat for Shinkansen by using a train simulator with real vibrations, in order to measure the acceleration and analyze the vibration properties of the seated passenger, the bearing surface of the seat and the backrest. The seat was the two persons' seat for the Shinkansen normal cars. The test subject was a man in twenties whose height and weight are 177 cm and 71 kg, respectively. The measurement points are passenger's head, shoulders, chest, belly, thighs, the floor, the seat frame and the backrest (Fig. 2) . The vibration test was performed under linear sweep wave from 0.2 Hz to 40 Hz in the front-back or the vertical directions. Figure 3 shows the acceleration PSD for input waves. Hisano, Kamada, Shimamune, Hasegawa and Ootaki, Mechanical Engineering Journal, Vol.4, No.1 (2017) [DOI: 10.1299/mej.16-00459]
Result of the vibration test 2.2.1 Acceleration PSD of passenger
We calculated the acceleration PSDs of the passenger's head, shoulders, chest, belly, thighs in the case of the front-back and the vertical excitation.
In the case of the front-back excitation, Fig. 4 shows the acceleration PSDs for the front-back direction of the head, the shoulders, the chest, the belly and the thighs. In Fig. 4 , the acceleration PSDs for the front-back direction show peaks at 3 Hz, 28 Hz, and 37 Hz for the head, 3 Hz, 25 Hz, and 38 Hz for the shoulders, 3 Hz for the chest, 5 Hz, 24 Hz, and 37 Hz for the belly, and 3 Hz, 25 Hz, and 37 Hz for the thighs. According to the above results, we can say that the vibration properties of each part of the passenger were different.
In the case of vertical excitation, Fig. 5 shows the acceleration PSDs for the vertical direction of the head, the shoulders, the chest, the belly and the thighs. In Fig. 5 , the acceleration PSDs for the front-back direction show peaks at 5 Hz for the head, 6 Hz for the shoulders and the chest, 7 Hz for the belly, and 10 Hz, 16 Hz, and 30 Hz for the thighs. Moreover, the cases of the head and the right shoulder enlarge from 20 Hz to 40 Hz. The case of the left shoulder shows constant behavior from 15 Hz to 40 Hz. As a result, we can also conclude that the vibration properties of passenger's each part show different behaviors. Hisano, Kamada, Shimamune, Hasegawa and Ootaki, Mechanical Engineering Journal, Vol.4, No.1 (2017) [DOI: 10.1299/mej.16-00459]
Mode shape
We analyzed the mode shapes of the passenger and the seat. Analyzed targets were frequencies which show the large peaks of the passenger's acceleration PSDs. We chose at 3 Hz, 25 Hz, and 37 Hz in the case of the front-back and at 6 Hz and 30 Hz in the case of the vertical excitation. Figure 6 shows the initial positions of the passenger and the seat.
In the case of the front-back excitation, Fig. 7 shows the mode shapes at 3 Hz, 25 Hz, and 37 Hz. In Fig. 7(a) , the backrest and the bearing surface vibrate in front-back and pitch direction, respectively. The head, the both shoulders, the chest, and the belly of the passenger vibrate in front-back direction. In Fig. 7(b) , the backrest causes the torsion vibration of the yaw direction, and the bearing surface vibrates in the pitch and roll direction. The upper body of the passenger shows twisted behavior. In addition, the torsion vibration of the backrest and the passenger shows a opposite phase. In Fig. 7(c) , the backrest causes the torsion vibration of the yaw direction, and the bearing surface vibrates in the pitch and roll direction. The upper body of the passenger shows twisted behavior. In addition, the torsion vibration of the backrest and the passenger shows a coordinate phase.
In the case of the vertical excitation, Fig. 8 shows the mode shapes at 6 Hz and 30 Hz. In Fig. 8(a) , the backrest vibrates in front-back direction, and the bearing surface slightly fluctuates. For the passenger, the head vibrates with opposite phase to the backrest. On the other hand, the chest vibrates front-back direction with coordinate phase. The belly widely vibrates with reverse phase to the bearing surface. In Fig. 8(b) , the backrest causes the torsion vibration of the yaw direction. The upper body of the passenger shows twisted behavior. In addition, the torsion vibration of the backrest and the passenger shows a coordinate phase. Hisano, Kamada, Shimamune, Hasegawa and Ootaki, Mechanical Engineering Journal, Vol.4, No.1 (2017) [DOI: 10.1299/mej.16-00459]
Construction passenger-seat model 3.1 Construction passenger model
We constructed the passenger model based on the experimental results. In this study, Multi-body dynamics was used. The passenger model is consisted of the head, the upper and lower trunk, the thighs, the lower thighs, the feet, the upper arms, and the forearms. The model has 23 degree-of-freedom. The masses and the moments of inertia of each passenger part were calculated by using Ae's method (Ae, et al., 1992) . This method divides the human body into the head, the upper and lower trunk, the upper arms, the forearms, the hand parts, the thighs, the lower thighs, and the feet They calculated the mass of each part by an equation of regression. As shown in Eq. (1), m [kg] is a mass of each passenger part, Lp [m] is a length of each passenger part, M [kg] is a mass of the passenger, a, b, and c are constants. The passenger parts are connected by springs and dampers. The stiffness and the damper coefficients were determined by comparing the simulation results with the experimental ones. Figure 9 shows overview of the passenger model. Table 1 Hisano, Kamada, Shimamune, Hasegawa and Ootaki, Mechanical Engineering Journal, Vol.4, No.1 (2017) 
Construction seat model
For the purpose of inputting accelerations into the passenger model, we constructed the seat model. The model consists of the backrest, the bearing surface, and the floor. The bearing surface and the backrest are given flexibilities and restriction conditions to reproduce the vibration of the real seat. Figure 10 shows overview of the seat model. Table  2 shows the parameters of the seat model. These parameters were determined by measuring the dimensions of the real seat.
Definition
Symbol 
Connection of the passenger model and the seat model
Next, we connected the passenger model to the seat model. The contact of the passenger, the floor and the seat is reappeared by springs and dampers. The contact between the passenger and the seat cushion is reproduced with the nonlinearity spring constant obtained from a load -displacement experiment. We determined the stiffness and the damping coefficients reproducing the contacts between the passenger and the armrest, between the passenger and the floor by adjusting the simulation results to the experimental ones. Figure 11 shows an overview of the passenger-seat model. Vol.4, No.1 (2017) [DOI: 10.1299/mej.16-00459]
Simulation result 4.1 Input of acceleration into the model
We inputted the acceleration of the bearing surface, the angular acceleration of the back hinge, and the acceleration of the floor provided from the experiments into the model. The simulation was performed under front-back and vertical excitation, and compared with the experimental results. Input waves were calculated by using Eq. 
Roll angular acceleration of the bearing surface:
Yaw angular acceleration of the bearing surface:
Pitch angular acceleration of the right backrest hinge:
 Pitch angular acceleration of the left backrest hinge: 
Simulation result of acceleration PSD 4.2.1 Front-back excitation
In the case of front-back excitation, Fig. 15(a) ~ (g) show the acceleration PSDs of the head, the right and left shoulders, the chest, the belly, and the thighs for front-back direction, respectively. In all cases except for (e), the simulation results show the tendency like the experimental ones in all frequency regions though the slight difference is seen in frequency and the magnitude of the resonance peak. In the case of belly (e), the magnitude of calculated PSD is not agreement with the experimental result.
Vertical excitation

In the case of vertical excitation, Fig. 16(a) ~ (g) show the acceleration PSDs of each passenger's parts for vertical direction. In Fig. 16(a), (b) , and (c), the magnitudes of the acceleration PSDs in low frequency were reproduced. In Fig.  16 (d) and (e), the magnitude and the tendency were different from the experimental ones. In Fig. 16 (f) and (g), the magnitudes of the PSDs over 25 Hz were reproduced. Hisano, Kamada, Shimamune, Hasegawa and Ootaki, Mechanical Engineering Journal, Vol.4, No.1 (2017) [DOI: 10.1299/mej.16-00459]
Simulation result of mode shape
Here, we pay the attention to the front-back excitation for 3, 25, 37Hz and the vertical excitation for 30Hz in order to analyze the mode shapes.
In the case of the front-back excitation, Fig. 17 shows the mode shapes at 3 Hz, 25 Hz and 37 Hz. Fig. 17(a) , the head, the both shoulders, the chest, and the belly vibrate for the front-back direction same behavior as experimental results, but the thighs vibration for the front-back direction differs from experimental ones. In Fig. 17(b) , the upper body of the passenger shows twisted behavior same as experimental result. However, the backrest and the passenger cause torsion vibration with the phase opposite to the experimental result. In Fig. 17(c) , the upper body of the passenger shows twisted behavior same as experimental one. In addition, the torsion vibration of the backrest and the passenger shows coordinate phase same as experimental one.
In the case of the vertical excitation, Fig. 18 shows the mode shapes at 6 Hz and 30 Hz. As shown in Fig. 18(a) , the head vibrates with reverse phase to the backrest, though the chest vibrates front-back direction with coordinate phase. The belly vibrates to the bearing surface up and down. In Fig. 18(b) , the upper body of the passenger shows twisted behavior. The torsion vibration of the backrest and the passenger shows coordinate phase same as experimental result. Hisano, Kamada, Shimamune, Hasegawa and Ootaki, Mechanical Engineering Journal, Vol.4, No.1 (2017) [DOI: 10.1299/mej.16-00459]
Consideration
Although some cases of the vibration properties did not agree with the experimental result especially the case of the belly for the front-back and vertical excitations, we could reproduce in some cases. In particular, the vibration properties of belly were not able to reproduce at both of front-back and vertical excitation. Here, we regarded the belly as more easily deformable elastic body compared from the other parts at the acceleration measured points. Since this model is consisted of rigid body, the elastic deformations of the passenger are not considered. It indicates that we have to measure the acceleration of the pelvis which is hard to transform elastically if we model the lower trunk with a rigid body.
Conclusion
We performed the vibration test of the seated passenger. In addition, we constructed the passenger-seat model by Multi Body Dynamics. From the test and the analyses, the following conclusions were obtained.
(1) Vibration properties of each part of the passenger show different behaviors.
(2) Upper body of the passenger vibrated to front-back direction in low frequency region and showed the torsion behavior in high frequency one. (3) In the case of the front-back excitation, the acceleration PSDs of the head, the shoulders, the chest, and the thighs were reproduced by the passenger-seat model. (4) In the case of the vertical excitation, the resonance peak was similar to the experimental results though PSDs did not agree well in all frequency regions. 
